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LOU-SPEED BouNDARY-IlAYEz-comoL rnST1GATION 

By Delwin R. Croon an& Thomas R. Turner 

A boundary-layer-coctrol  investigation  was  made  in  the  Langley 
300-5PH 7- by 10-foot tunnel t o  detemlne the  longitudinal  aerodynamic 
characteristics arrd the  chordwise  load  distribution on e thin,  untepered, 
msxept, semispan w i n g  havi-ng  an  aspect  ratio of 3.33 and NACA 631004  air- 
foil  sections.  The wing was  equipped - d t h  leading- and tre-iling-edge 
flaps.  BounCiary-layer  control UES obtained  by  blowing  high-pressure  air 
over  the  trailing-edge  flaps. 

iiesults  of  the  investigetion,  without  discussion,  are  presented in 
the  Torn of longitudinal  eerodynanic  charecteristics and tabulates  pres- 
sure  coefricients,  section  normal-force  coefficients, and section 
pitching-noment  coefficients. 

IXCBODUCTION 

Considerable  interest  is  being shown in  the  use of blowing  high- 
energy  air  over wings and  flaps as E mans of controlling  the boundmy 
layer.  Nunerous  investigations  have  been made to  explore and verify  the 
feasibility of izlcreasing  the  lift by coctrolling  this  separation  phe- 
nomenon; however, this work has been  confined to wings  having  thiclmess 
retios of o .06 or greater. 

The  present  investigation  was  mede  in  the  Lengley 300-EPH 7- by 
IO-foot  tunnel to obtain  the  static  longitudinal  aerodynsmic  chzracter- 
tstics and the  chorfiwise  pressure  distribution of a thin  low-esgect-r&,io 
wing with  leading- and trailing-edge  flaps  with  end  without  blowing  over 
the trailing-edge f l&ps .  
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The results  of  the  investigation are presented  without  discussion. 
Pressure  coefficients,  section  normal-force  coefficients,  and  section 
pitching-noaent  coefficients ere presented in tabular fom. 

C 

CW 

Cf 

cN 

S 

CL 

CP 

X 

chord, 3Tt 

plain-ving  chord,  ft 

traillng-edge-flap  chord, ft 

leading-edge-flap  chord, ft 

sedspen wing  area, sq ft 

l i f t  coefr'icier?t, - Lift 
%Is 

drag  coefficient, - Drag 
%S 

jet-boundary  correction  applied  to  drag  coefficient 

pitching-my:lent  coefficient  of  xing  referred  to  xing  quaster- 
chord, Pitching maent 

%SCW 

pressure  coefficient, Pt,m - P 
s, 

(Subscripts u and 2 denote 

apper  and  lower surfme) 

momentun  coefficient, - "JVJ 
gq,os 

distance from wing  quarter-chord  to hinge line of  trailing- 
edge flzp measured parallel to  trailing-edge-flaF  chord, ft 

distmce from  wing  quarter-chord to hinge  line of leading- 
edge  flap  measured  parallel  to  leading-edge-flap  chord,  ft 

longitudinal distance,  ft 

" 
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X f  distance from hinge  line of trailing-edge flap to  center of 

XN distance  fron  hinge  line of leading-edge  flap to center of 

Pt,m 

P locel  static  pressure,  lb/sq f% 

d load on trailing-edge flap, ft 

load on leading-edge  flap,  ft 

free-stream  total  pressure,  lb/sq ft 

s, free-stream dynamic pressure, -, 1b/sq  ft P L 2  
2 

P PASS density of air,  slugs/cu ft 

Vm free-stream  velocity,  f.t/sec 

81 trailing-edge-flap  deflection  (positive  direction,  treiling. 

6N le-&ding-edge-flap  deflection  (positive  direction,  nose of 

edge  do-m),  deg 

flap down), deg . 
a angle  of  attack of chord  plene  set in tunnel,  deg 

W 
Acs jet-boundary  correction  applied  to  angle of attack,  deg 

=, corrected  angle  of  attack, &g 

CN, f 

CN, N 

section  norml-force  coefficient of trailing-e6ge  flap  based 
on  trailing-edge-flep  chord 

section  normal-force  coefficient of leading-edge  flap  based 
on  leeding-edge-fhp  chord 

CN, W' section  nornal-force  coefficient of that  portion  of  Xing 
between  leading-edge and trailing-edge  flaps  based on 
plain-wing  chord 

'N, w wing  section noml-force coefficient  based on slain-wing 
chord  (chord  force  of  leading-edge  flap end. trailing-edge 
flap  neglected) , CN,$ i CN,f(.)Cos Cf Sf + CFJ - ,N ( 3 ) C O S  cw Sg 
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section  pitching-moment  coefficient  of  trailing-edge  flzp 
based  on  trailing-edge-flap  chord  (moments  taken  &bout 
trailing-edge-flap  hinge  line) 

section  pitching-moment  coefficient of leading-edge  flap  based 
on leading-edge-flap  chord  (moments  taken  cbout  leading-edge- 
flap  hinge  line) 

section pitching-mmnt coeff.icient of that  portion of wing 
between  leading-edge  and  trailing-edge  flaps  based  on  plain- 
wing  chord  (moments  taken  zbout  wing  quarter-chord) 

wing  section  pitching-moment  coefficient  based on plain-wlng 
chord  (moments  taken  &bout  wing  quarter-chord-  chord  force 
of leading-  and  trailing-edge  flaps  neglectedj, 

CN,f (zf +" Xf)cf + CN,N (2N " XN)CN Cm,w' - 
c 2  c 2  

weight  rate of flow of jet,  lb/sec 

Jet velocity  (isentropic  expansion is assumed), 

ratio of specific  heats of air, 1.4 

free-stream  static  pressure,  lb/sq  ft 

total  pressure  in  plenum  chamber, lb/sq ft 

universal  gas  constant 

plenum-chamber  temperature, % 

acceleration  due  to  gravity,  ft/sec2 

MODEL AND APPARATUS 

The  xodel was tested  in  the  Langley 3OO"PH 7- by  10-foot  tunnel 
by  means of the  senispan  technique  with  the  ceiling of the  tunnel as 
the  reflection  plane.  The geomtric characteristics of the  sellrlspan 
w i n g  used  in  this  investigation  are  given  Ln  figure 1. The  wing had 0' 
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of sveep, a t ape r   r a t io  of 1, an  aspect  ratio of 3.33, and XACA 634004 

equipped  with  leading-edge and trail ing-edge  f laps.  The leadhg-edge- 
f l ap  chord wes 15 percent of the wing chord  and the leading-edge f l ap  
pivoted  ebout the lover  surface  along  the  15-percent-chord  line. For 
the  deflected  condition the break i n   t h e  upper surface w a s  f&ired t o  an 
Erc of a c i rc le .  The trailing-edge flaps had chords of 20, 25, 33, and 
40 percent of the wing chord.  (See f ig .  2. ) It should be noted that 

*c a i r fo i l   s ec t ions   s a ra l l e l   t o  the free airstream  direction. The wing w a s  

the 40-percent-chord f l a p  was obtained by the addition of a A- inch 

plate  et tached -to the lower surface of the 33-percent-chord f l ap  as 
shown i n  figure 2. 

8 

The leeciing-edge flap,  the  trailing-edge  flaps, and the wing were con- 
structed  with  f lush-surface  pressure  orifices  located a t  the 0.60-semispan 
position. The trail ing-edge  f laps were sealed on the lower surface and 
'had a full-span 0.020-inch  gap on Yl-e upper surface from which high- 
pressure air w a s  blovn over t'?e f1e.p. The aose of this flap w a s  hollow 
and high-pressure air wss brought  through it and ejected  into the wing 
plenu?l?  chamber th-ough 71 holes of inch diaaeter locsted a t  sganwise 

intervels  of = inch. 
35- 

1 
2 - 

The compressed air was brought  onto the balance freme t'hrough a 
1L - inch-diemeter s tee l   p ipe   ( f ig .  3) . One end of the lor13 pipe was 

fasteneii   r igidly  to  the  turnel  foundztion and the  other end was attached 
r i g i d l y   t o  the balence €%me. The pipe was long enough t o  be considered 
ES a very weak spring  connecting the balance 1Tran;e t o  the ground. The 
t e r e  of this setup w a s  d e t e d n e d   e q e r i m e n t a l l y   t o  be within the accu- 
racy of reading of the scales. 

* 2 

The veight  rete of flow  of air was de tedned  by means of a cal i -  
b ra ted   shw-edge   or i f ice   in  the  piye  line  before the air  car^ onto the 
belence frane, and the pressures and teuqeratures for  determining  the 
je t -exi t   veloci t ies  were measured i n  the slenum  chanber i n   t h e  wing. 

TEST CONSIEilIONS 

The t e s t s  were ma&e i n  the Langley 300-MF'H 7- by 10-foot turnel a t  
the   6yndc   p re s su res  and rmges of leading- and trailing-edge-flap 
deflection and morentun? coefficfent  given i n  the follo-d-ng tzble: 
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Trziling-edge- Dynamic Trailing-edge- 
P h p  deflection  flap  deflection 
Leading-edge- 

range > range, 

Monentum- 

range, CV 
flap  chord, press-ae, 

Cf /CW g, =/sq  ft deg fjf, dei3 

0.20 12.5 60 

o to 0.31 0 to 45 0 to 75 12.5 33 
0 0 to 45 o to 60 25 .25 

o to 0.25 o to 25 

.40 o to 0.26  15 to 45 60 12.5 * 

T'!e engle-of-attack  range  for  the  investigation  extended  from 
zkout -32O to  'about 28O. Pressure  distributions  were  obtained  for  the 
20- and  25-percent-chord-flap  configurations. 

CORRECTIONS 

The  following  jet-boundmy  corrections  epplied to the  data of this 
pager  are  based on the  3-foot-chord =del m d  vere  obtained by the 
rithod  outlined  in  reference I: 

ACD = 0.025C~~ 

Therefore,  the  jet-boundary  corrections  as  applied  to  the  3.33-foot-chord 
nodel  are 11 percent  too smll. 

The blockage  correction  as  applied to the  dynamic  pressure w&s 
obtained by the  nethod  outlined  in  reference 2. 

RESULTS 

The  results of this  investigation  are  presented  without  discussion. 
The  order  of  gresentation  in  the  figures  en&  tables is as  follows: 
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Longitudinel  aerociynamic  data  for  the 0.20-, 

4 0.25, 0.33-, end  0.40-chord  treiling-edge- 
flzp  configurations . . . . . . . . . . . . . . . .  Figures 4 to 29 
(Data  of  figures 14 to 29 for  the  various 
nonentun-coefficients  were  obtained f r o m  
cross  plots  in  order  to  have  directly 
comparEble  figures .) 

over  the  0.25-chord  trailir-g-edge-flap 
configuration . . . . . . . . . . . . . . . . . . .  F i v e s  30 to 52 

Pressure  coefficients fo r  the  0.20-chord 

Section  data  lor  the  0.20-chord  trailing-edge- 

Section  data for the 0.25-chord trailing-edge- 

Tabulation and plots  of  pressure  distribution 

trailing-edge-flap configmation . . . . . . . . .  %bles I to V 

flep  configurztion . . . . . . . . . . . . . . . .  Tebies VI to X 

l lep configuration . . . . . . . . . . . . . . . .  Tables XI to XIV 

Langley  Aeronautical  Laboratory, 
Natiolzal  Advisory  Committee for Aeronautics, 

Lengley  Field,  Va.,  September 27, 1957. 
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Figure 1.- General c k r e c t e r i s t i c s  of model. (AL1 dimensions a r e   i n  
inches  unless  otherwise  noted.) 
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(e) C, End a, against CL. 

Figure 4.- Effect  of  EoEentun  coefficient on the static lollgitudinal 
aerodynamic  characteristics 02 the model. cf = 0.20~~; Sf = 60°; 
% = Oo; q = 12.5 lb/sq ft. 
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(b ) CD against CL. 

Figure 4.- Concluded. 
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(a) sad ac against cL. 
r lgure 5.- Effect of momentum coefficient on_ the s t a t i c  longikudinal 

aerodynamic character is t ics  of %he model. cf = 0.20~~~; 6f = 60°; 
7. 

= 4.75O; q = 12.5 lb/sq f t .  
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aerodynamic  cherecteristics of the Eodel. cf = 0.20%; 6f = 600; 
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(b ) CD against CL. 

Pigure 6.  - Concluded. 
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FiGre 7.- Effect of momentum  coeflfcieEt OE the static  longitudinal 
aerodyrmxic  characteristics of the model. cf = 0.20%; = 60°; 
S, = 15O; a_ = 12.5 lb/sq ft. 
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(b) CD against CL. 

Figure 7. - Conch6ed. 
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Figure 9.- Effect of nome=tun  coefficient on %he static longi-tudinal 
aerodynemic  characteristics  of the Eodel.  cf = 0.20~~; 6f = 60°; 
6~ = 25'; q % 12.5 lb/sq f't . 
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(b) CD against CL. 

Figure 9.- Concluded. 
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(a )  C, and aC sgainst  CL. 

F i g u e  10.- Effect of flap deflection- on t'ne s-latic  longituMnal  aero- 
dymmic character is t ics  of the m&el. cz = 0.25%; %- = Oo; Cp = 0; 
q = 25 a / s q  2%. 
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(b) CD against CL. 

Figure 10.- Concluded. 
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( E )  C, and ac Egsinst CL. 

Figure 11.- Effect of flap  deflection on t'ne static l ong i tuanz l  aero- 
dyna~ic characteristics of the moiiel. CF = 0.25~~; S, = 15O3 CF = 0; 
q C 23 l'b/Sq ft. 
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(b  ) CD against CL. 

Figme 11.- Concluded. 



( a )  C, and aC against CL. 

Figure 12.- Effect of f lap  def lect ion 011 the s-latic  longitudinal 
aero&yzmxic h r a c t e r i s t f c s  of the model. cf = 0 . 2 5 ~ ~ ;  h- = 30°; 
Cp = 0;  q ~ i :  25 lb/sq T t .  
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(b) CD against CL. 

Figme 1-3.- Concluded. 
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7 .  r lgure 14.- Effect of ncxentum coefficient on the static longi-ludinzl 
aeroQmzic  ChErzcteristics of the Eodel. cf = 0 . 3 3 ~ ~ ;  6f = (lo; 
%I = OG; 0 12.5 lb/Sq ft. 
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( E )  C, end aC against CL. 

Figure 15.- 3ffec-i ol" nomentux coefficient on the stat ic   longftudinal  
eerodynmdc  charecteristics of the model. cf = 0 . 3 3 ~ ~ ;  6f = 15O; 
% = Oo; a_ 12.5 Ib/sq ft. 
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(b ) CD against CL. 

Figure 15.- Concluded. 
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(a) and a, against CL. 

Fi,we 16.- Effect of rzoEen-turr coezficient on the static  longitudinal 
aer0Qnmi.c characteristics 05 the nodel. cf = 0.33%; = 30°; 
S, = 0’; q 12.5 lb/sq ft. 
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Figure 17.- Effect of Eonentun coefffcients on the st&tic longitudinal 
aero&ynaaic  characteristics of the model. cf = 0.33%; tif = 43"; 
s, = oo; q = 12.5 Ib/sq ft. 
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( E L )  Cm, and a, again-st CL. 

Figure 18.- Effect or" moEeotun coefficieot on the sta-lic longitudiczl 
eerodymamic characteristics 03 %he  msdei. cf = 0.33~~; = 60°; 
S, = Oo; q 12.5 lb/sq ft. 
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Figure 21.- Effect of mmen_tu coefzicient on the static longitu&inal 
aerodynamic cbrecteristics of tne model. cf = 0.33~~; Ef = 30°; 
%t = 30'; q 12.5 lb/sq ft. 
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7 .  Blgu-re 23.- Effect of m x e n t u  coefZicient on the static  longitudCnal 
zeromanic characteristics of the xodel. CZ = 0.33~~; 6~ = 60°; 
S, = 30°; a_ = 12.5 l b / q  T-t. 
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Figure 25.- E Z f e c t  or" mmentu  coefficient on the static longitudinal 
aerodynamic chzracteristics 05 the model. e+ - = 0.33,; 63 = 60°; 
S, = 15O; q - 12.5 lb/sq fk. 
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(a)  cm End a, against CL. 

. Figure 27.- Effec-t of lromentum coefficient on %he statFc longi tudiml  
ae ro rnmic   cha rac t e r i s t i c s  of  the model. cf = 0.40%; 6f = 60°; 
6J.J = 15O; a_ = 12.5 lb/sq 5%. 
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Figure 29.- EfTect  of ncmentum coefficient on the s t a t i c  longitudinal 
ze rodyndc   cb rac - l e r i s t i c s  of the nocel. cf = 0.40%; 6f = 60°; 
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Pigwe 30. - Chordwise pressure distribution over mod.el. 
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q = 25 lb/sq f t .  (Tabulated da ta  of points  plotted are t o   l e f t  of plo t .  ) 
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Figure 31. - Chordwise pressure  distribution over model. cf = 0 . 2 5 ~ ~ ;  SN = 0'; 8f = 10'; 
q = 23 lb/sq f t .  (TabulzLed data of points plokted are t o  l e f t  of plot .  ) 
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Figure 32.- Chordwise pressure  distribution over model. c f  = 0.25%; % = oo; Ef = 1.2~; 
q = 25 lb/sq f t .  (Tabulatcd data of points  plotted are t o  l e f t  of plat. ) 
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( c )  a = -4O. (d) = 0'. 

Figure 32. -  Contirxed. 
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Figure 33.- Chordwise pressure  distribution over model. ci = 0.25%; % = Oo; €jf = 30'; 
q = 23 lb/sq f t .  (Tabulated data of points plotted m e  t o  lef't of plot. ) 
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(g) a = 120. (h) a = 16O. 

Figure 33.- Concluded. 
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(a) a = -12O. (b) CL = -8'. 

Figure 3h.- Chordwise pressure  distribution over model. cf = 0 . 2 5 ~ ~ ;  = 0'; 8f = 45'; 
q = 25 1b/sq f't . (Tabulated data of points  plotted  arc t o  l e f t  of plot. ) 
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Figure 36.- Chordwise pressure  distribution over model. cf = 0.25%; % = 15'; 6~ = 0'; 

q = 25 lb/sq f t  . (Tabulated data of points  plotted are t o  le f t  of plot  ) 
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Figure 37.- Chordwise pressure  distribution over model. cf = 0.25%; $ = l5O; Sf = 15'; 
q = 25 lb/sq ft . (Tabulated data of points  plotted are t o  l e f t  of plot. ) 
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( e )  a = 8’. 

Figure 37.- Conticued. 
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Figure 38. - Chordwise pressure  distribution over model. cf = 0.25%; % = 15'; 6f = 30'; 
q sz 25 lb/sq ft. (Tabulated data 01 points  plotted are t o  l e f t  of plot. ) 
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